Main results -The methods show a significant variation of leukaemia incidence in relation to the Registrar General's standard region and a negative association with socioeconomic deprivation, as measured by the Townsend index. After allowing for these variables, the incidence seems to be reasonably homogeneous throughout the population, in the sense that the residual deviance does not seem to be much larger than would be expected by chance. Conclusions -The methods described have major advantages over standardisation in controlling for confounding, both in terms of flexibility of factor selection and assessment and also in the ability to determine whether there is residual variability of incidence after allowing for these fac- A common requirement in epidemiology is the computation of expected values of the numbers of cases of a disease adjusted by possible confounding factors, such as measures of socioeconomic deprivation. Although the effects of the latter may be of interest in their own right, it is also frequently desirable to control for them in studying the association between disease and some other factor. In particular, these issues arise in the context of geographical epidemiology, where it is desired to assess the effect of an environmental factor unconfounded by any association between this factor and other spatially varying determinants of disease.
A common requirement in epidemiology is the computation of expected values of the numbers of cases of a disease adjusted by possible confounding factors, such as measures of socioeconomic deprivation. Although the effects of the latter may be of interest in their own right, it is also frequently desirable to control for them in studying the association between disease and some other factor. In particular, these issues arise in the context of geographical epidemiology, where it is desired to assess the effect of an environmental factor unconfounded by any association between this factor and other spatially varying determinants of disease.
This report is intended to explain the methods and advantages of using suitable regression models for this adjustment instead of the more classic methods of standardisation. The arguments are illustrated by application to part of a large data set on childhood leukaemia (L) and non-Hodgkin lymphoma (NHL) recently used for the analysis of the possible risk of living near a nuclear installation.' Although the epidemiology of childhood tumours is different in some respects from that of adult disease, the data nevertheless exemplify several of the general methodological points. Specifically, there are a large number of geographical units with small expectations; and, secondly, analyses of this type can be expected to become more common with the advent of small area statistics and large scale data bases.
Methods
The data set considered consists of 5359 cases of L and NHL registered before the age of 5 years in England, Scotland, or Wales between 1966 and 1987. They were abstracted from the national register of childhood tumours maintained by the Childhood Cancer Research Group in Oxford. They were allocated to 9831 areal units which were a close approximation to 1981 electoral wards, formed by aggregating census tracts, which provide compatibility between the 1971 and 1981 censuses. 2 For the calculation of expected numbers in these wards we abstracted population data from the Office of Population Censuses and Surveys (OPCS) files relating to the two censuses. Population estimates for inter-censal years were obtained by linear interpolation and extrapolation, but adjusting proportionately to annual district populations. They were then aggregated to provided total numbers of childyears at risk for the 22 year period. In addition, we obtained population data from the OPCS data files which were used to construct socioeconomic indicators, calculating the following variables:
* SV1 = % of men unemployed; * SV2 = % of households owning no car; * SV3 = % households not owner occupied; * SV4 = % of households with more than one person per room.
Further details of these calculations are given in Bithell et all and in a technical report available from the authors. )re-the terms specified, "null" signifying that only Al-the overall mean is fitted. It will be seen that iore the residual deviances are all much smaller than Lnd-the numbers of df, which would be highly able unlikely if they were truly x2 variables dethat termining the fit of a good model. Standard ions region is a regional grouping with 10 levels ,tive and consequently nine df (and independent -age parameters), and the deviance difference redels sulting from fitting this term would therefore tion have a x2 distribution with 9 df if this factor 7his made no significant difference to the fit. The with explanatory variables to a substantially lesser extent than many adult cancers. It should also be noted that the association with deprivation is negative -that is, the risk seems to be slightly higher in higher social class groups. Nevertheless, the problem of controlling the expected values for possible confounders is very similar to that which arises in other branches of epidemiology. The model we used assumes that the probability of disease is small and that we have large populations -the classic assumptions for the applicability of a Poisson approximation to the binomial distribution. In other circumstances it may be appropriate to use the binomial distribution instead -the model would still be a GLM and much of what we have said would apply.
We have assumed that the observed counts are independent, which seems entirely reasonable for a non-contagious disease. Some authors78 emphasise the existence of spatial auto-correlation in geographical data; however, cancer counts may be expected to be independent conditionally on different underlying risks, which admittedly may themselves exhibit spatial relationship. If the factors that account for these variations in risk are fully accounted for, the counts themselves should be independent provided that individual disease episodes arise independently of one another. The effect of assuming independence when these factors have not all been accounted for is another matter, but for many purposes it seems to us to be unlikely to be of great importance. OPENSHAW -Yes, and also to have some similarity in their characteristics: and that would reduce the confounding factors.
BITHELL -But even so you are going to end up with expectations in a study like this that are well under unity, and we do not wish to go to a bigger unit because we actually want to see what is happening on a small geographical scale. As long as expectations are less than unity there is still a problem with the deviance.
OPENSHAW -I have results that have an expectation greater than unity and the problem then disappears. Wards, as geographical objects, vary tremendously in size already. What is probably needed is to group the small zones to make them bigger so that they are somewhat more similar to the big zones already in the data set. So you are actually not losing very much and you probably are gaining a lot by simplifying.
ELLIOTT -You did a lot of regression, worried about the goodness of fit, and found quite a number of advantages over the stratification method, which I agree with in your case. May I ask you more generally about the SAHSU problem? We may have many different disease outcomes in any one study, possibly many different point sources, some of the disease outcomes may be rare and others common. You mentioned the problems of technology, both hardware and software, and told us that GLIM was able to cope. Would we be able to cope with a regression approach across the range? BITHELL -I do not see why not. Specific to our problems were the more data related aspects, such as how strong an association we had and how big the expectations were. Unless you are looking at two orders of magnitude I can not see a problem with more data units. At ward level there is a maximum of 10000 units and at enumeration district about 10 times that many. I do not know whether GLIM could handle enumeration districts for the whole of Britain but in any case you have regionalised your analysis to some extent. I do not think there is a technical difficulty in doing it for your work.
